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utility, the major operational features of the models, and

the mission-related accomplishments that can be credited to

their application up through the 1973-1974 contract year have
been detailed in previous Annual Progress Reports, or in pub-
lished reports, and will not be dealt with here. This Report

will be limited to studies pursued since April 30, 1974,

GENERAL SUMMARY

1o THE SEARCH FOR IMPROVED BLOOD SCHIZONTICIDES

There has been a marked decrease in the use of the

P. falciparum/P. vivax - owl monkey models during the past

contract year, continuing a trend which had its beginnings
in 1972. This change rested in part on the positive accom-
plishments of preceding years, during which at least eight
new agents were uncovered, any one of which promised to sat-
isfy the original goal of the Malaria Chemotherapy Program,
development of a drug fully effective against infections
with multidrug-resistant strains of P. falciparum and equally
active against infections with P. vivax®. The downward trend
in use of these models also reflected the decreased produc-
tivity of the primary rodent screen (infectionswith P. berghei
in the mouse) which in recent years has uncovered relatively
few active agents with novel structures or congeners of older
compounds endowed with greater activity and tolerability than
derivatives already evaluated. Finally, the trend to reduced
use of owl monkey - human plasmodium models was an enforced
conservation measure imposed by restrictions on exports of

these primates from Colombia.

*These agents included: the phenanthrenemethanols,
WR-33, 063, WR-122,455, and WR-171,669; the gquinolinemethanols,
WR-30, 090, WR-142, 490, and WR-184, 806; the pyridinemethanol,
WR-180, 409; and the 2, 4-diamino-6-sulfur substituted quinazo-

line, WR-158, 122,
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Although only four new compounds were presented for
evaluation against infections with P. falciparum and P. vivax
in the owl monkey, there was a sizeable use of these models.
Both were employed systematically to provide supporting data
for Investigative New Drug (IND) applications, and to help
solve dosage regimen and formulation problems pertinent to

most effective administration of new compounds to man.

Of the four new agents evaluated against P. falciparum
infections, one, WR-177, 602, was the threo-epimer of WR-142, 490
(mefloquine), themost active of the 4-quinolinemethanols stud-
ied to date. This evaluation, carried out in monkeys infected
with the multidrug-resistant Smith strain, showed that WR-177, 602
was essentially identical to WR-142, 490 in activity and toler-
ability. In viewof the advanced status of the clinical appli-
cation of the latter compound, WR-177,602 could be considered
as a competitor only if it promised to be significantly less

expensive to prepare or better tolerated.

The second of the compounds examined was the
4-pyridinemethanol, WR-182, 231, an analog of WR-180, 409.
WR-182, 231 differed from the latter agent with respect to
side chain configuration, bearing a di-N-butylaminoethyl sub-
stituent on the 4-carbinol in place of a 2-piperidyl group.
This change in structure affected activity adversely,
WR-182, 231 exhibiting only one-fourth the activity of
WR-180, 409 against infections with the Smith strain.

The reﬁaining two new agents were the benzoxazine,
WR-204, 165, and its open-ring relative (a substituted phenol),
WR-194, 965. These compounds had essentially identical activ-
ity against infections with the Smith strain of P, falciparum.
Compared dose-for-dose, their capacities to cure such infec-
tions were essentially identical with that of WR-142, 490, the
4-quinolinemethanol referred to above. Unless there are tox-
icologic contraindications, not exhibited in the owl monkey,
WR-194, 965 or WR-204, 165 merits consideration for study in

human volunteers,
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Four special investigations, each fairly extensive,
were pursued with compounds examined in earlier years. One of
these studies was aimed at determining whether the therapeutic
activity of WR-158, 122, a 2, 4-diamino-6-sulfur substituted
quinazoline, could be enhanced by concomitant administration
with WR-180, 872, a dihydroquinazoline. Marked synergism had
been observed inmice infected with a pyrimethamine-resistant
strain of P. berghei. The results of the studies pursued in
monkeys infected with the pyrimethamine-resistant Palo Alto
strain of P. vivax showed that concomitant delivery of
WR-180, 872 added nothing to the activity of WR-158, 122, This
negative result contrasted sharply with the eight to sixteen-
fold enhancement achieved by administering very small doses
of sulfadiazine (5.0 mg per kg body weight) in combination

with the above quinazoline.

The second of the special studies dealt with proce-
dures for enhancing the therapeutic efficiency of the lincomycin
derivative, WR-203, 661 (formerly designated U-24, 7294). Earlier
investigations showed that this compound was highly effective
in curing experimental infections with either chloroquine-sus-
ceptible or chloroquine-resistant strainsof P. falciparum and
that its activity was not compromised by pyrimethamine resis-
tance. It was also markedly superior in activity to clinda-
mycin, However, like the various tetracyclines, WR-203, 661
effects clearance of parasitemia slowly. In an effort to
eliminate this deficiency, a study was undertaken of the im-
pacts of loading doses on the rate of clearance of parasitemia
in monkeys infected with the Vietnam Smith strain. The results
showed that this approach was not beneficial; in fact, at the
same total dose, seven fractional daily doses of WR-203, 661
effected parasite clearance more rapidly and consistently than
a loading dose equivalent to half of the seven~day total on Day 1
followed by equal fractions of the remainder of the total dose

-

on Days 2 through 7.
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The third special study was concerned with the
comparative activities of two dosage formulations of the
quinolinemethanol, WR-30, 090. This compound, originally
prepared as the hydrochloride salt, exhibited sufficient ac-
tivity in human volunteers infected with chloroquine-resistant
strains of P, falciparum to warrant a small scale trial in
Vietnam in military personnel infected with multidrug-resis-
tant strains, Overall, WR-30, 090 was remarkably effective
in this evaluation. However, there were some patient - to -

1 patient irregularities in rate of response which were attri-

buted to poor absorption resulting from limited water solu-

bility. These irregularities were relieved in part, but not

!
i
completely, by increasing the dose. In an effort to obtain i
amore uniform relation between dose and response, systematic 1
attempts were made to improve solubility and absorption from |
the gastrointestinal tract. A major accomplishment in this ?
direction was made by investigators at INTERy Research Corpo-
ration, who found that WR-30, 090 base was soluble up to 20
per cent in oleic acid, and that when such solutions were
administered orally to the beagle dog, the concentrations of
WR-30, 090 in the plasma were eightfold greater than those
attained when comparable doses of the hydrochloride salt were
delivered. As an essential preliminary to clinical use of
WR-30, 090 dissolved in oleic acid, therapeutic efficiencies
of this preparation and that of WR-30, 090 hydrochloride were
compared in owl monkeys infected with the Smith strain of

P. falciparum. The results showed that the hydrochloride
salt was at least twice and perhaps four times as active as

the oleic acid solution.

This unexpected result, the opposite of that antic-
ipated, led to a collaborative study with the INTERx Research
Corporation with the objective of measuring the levels of
WR=-30, 090 achieved in plasma when oleic acid solutions of

the base and aqueous slurries of the hydrochloride salt were
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administered to normal uninfected owl monkeys and rhesus monkeys.
As planned originally, ten owl monkeys and eight rhesus monkeys
were committed to a crossover study in which each preparation
was to be administered in a single dose of 20.0 mg base per kg
body weight, via stomach tube, to half of the members of each
monkey group on Day 1, with reversal of the delivery order on
Day 14 or 21. Blood samples were to be drawn prior to drug
delivery and 2, 4, and 6 hours thereafter, packed in wet ice,
and shipped promptly to INTERx Research Corporation for anal-
ysis of WR-30, 090 content. The treatment phase of the first
arm of this experiment was completed without incident, but no
more than a trace of the quinolinemethanol could be found in
any blood sample. For this reason, the second arm of the
crossover experiment was not undertaken. No easy explanation
for this remarkable negative finding has been forthcoming,
Studies pursued preliminary to this experiment showed that
WR-30, 090 added to normal owl monkey and rhesus monkey blood
or plasma could be recovered with reasonable precision. The
preparations employed in this absorption study were the same
as those used in the therapeutic evaluations. The monkeys
bled in the above experiment were the monkeys who had received
the drug. It is conceivable, although not likely, that the
drug deteriorated in transit, or that following absorption
WR-30, 090 was converted to a metabolite which could not be
extracted and/or measured by the analytical procedure, or that
there was gross analytical error. In any case, the absorption
study failed to provide an explanation for the difference in
therapeutic performance of WR-30, 090 hydrochloride suspended

in water and WR-30, 090 base dissolved in oleic acid.

The fourth special study dealt with the blood
schizonticidal activities of primagquine and WR-181, 023 (4-
methyl primaquine) as exhibited in owl monkeys infected with
the Vietnam Palo Alto strain of P. vivax. Primaquine has an

established position as a radical curative drug. WR-181, 023




has not yet been evaluated for curative properties in man, but

on a dosage comparison, is superior to primaquine in rhesus mon-
keys infected with sporozoites of P. cynomolgi. When employed
for radical cure, both agents are delivered with chloroquine

in order to eliminate both erythrocytic and exoerythrocytic
forms of the relevant parasites. Since many 8-aminoquinolines
have activity against both blood and tissue schizonts, there

1s a possibility that some compounds might be so well-endowed

in both areas as to make concomitant delivery of chloroquine
(or other blood schizonticide) unnecessary. The current study,
aimed at determining whether WR-181, 023 would be likely to meet
this requirement, showed that this compound was approximately
twice as active as primaquine against infections with tropho-
zoites of the Vietnam Palo Alto strain of P. vivax. Since the
dose of WR-181, 023 required to cure such infections was approx-
imately ten times that required for radical cure of sporozoite-
induced infections, and since such a dose might evoke toxic
reactions, it wouldbe unwise to consider this 8-aminoquinoline

as a candidate for a mono-drug regimen.

One of the major uses of the human plasmodia - owl
monkey models during the current contract year has been to
provide data required for FDA clearance of the clinical prep-
arations of WR-184, 806, a promising 4-quinolinemethanol and
competitor of WR-142, 490, and WR~180, 409, an equally promising
4-pyridinemethanol. Studies incidental to clearance of these
compounds have dealt not only with proof that the activities
of the preparation of drug intended for clinical use and the
original lot were the same, but with the influences of the
dosage regimen and route of delivery on activity. The stud-
ies on WR-180, 409 are still in progress and will be summarized
later., Studies on WR-184, 806 were completed and summarized in
the Interim Report of December 9, 1974, The conclusions seot

forth in this Report follow:




LU When administered orally, WR-184, 806-AH regu-
larly cured infections with the various strains at
the following total doses (base eguivalent): Oak
Knoll - 35.0 mg/kg body weight; Smith - 70.0 mg/kg
body weight; Palo Alto - 17.5 mg/kg body weight,.

"2. At uniformly curative levels (ca CDgg), single
dose, three consecutive daily dose, and seven con-
secutive daily dose regimens of WR-184, 80H were
essentially equally effective, There was a sugges-
tion, however, that the time required for parasite
clearance was shorter with single doses than when
the same total dose was delivered in equal fractions
on seven consecutive days.

"3, When administered intravenously, WR-184, 806
regularly cured infections with the various strains
at the following total doses (base equivalent):
0ak Knoll - 20. 0 mg/kg body weight; Smith - ca 30.0
mg/kg body weight; Palo Alto - >10.0< 20.0 mg/kg
body weight.,

"4, On a dose-for-dose comparison, WR-184, 806~AH
appeared to be slightly more effective when admin-
istered intravenously than when delivered orally,

"Comparison of the above results with those obtained
in earlier pilot studies indicates that the phosphate
salt of WR-184,806 is at least as effective as the hydro-
chloride salt (WR-184, 806-AA, BN: BB-52, 137) and possibly
slightly superior.

"Comparison of the data acquired in the current
study with those of even more extensive studies on
WR-142, 490 [e~(2-piperidyl)-2,8-bis-(trifluoromethyl) -
4~quinolinemethanol, hydrochloride] indicates that the
activities of WR-184, 806-AH are only slightly inferior
to those attained with WR-142, 490, the most effective
of the quinolinemethanols evaluated to date and currently
under study in human volunteers. "
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THE SEARCH FOR IMPROVED PROPHYLACTIC AND RADICAL CURATIVE

DRUGS (TISSUE SCHIZONTICIDES) AND DRUG REGIMENS

Primaquine is the only prophylactic and radical

curative drug generally available®, Although the capacity of

this

wilth

compound to prevent and cure mosquito-induced infections

P. vivax cannot be questioned, it does have certain lim-

itations. To prevent active infections, it must be adminis- ;

tered (preferably with a blood schizonticide) both during the
period of exposure to infected mosquitoes and for two or more
months thereafter, To cure established infections, it must

be administered for fourteen consecutive days. These extended
treatment requirements are difficult to enforce or monitor.

In addition, the doses of primaquine required for prevention
and cure are close to the maximum tolerated level, particu-

larly for individuals with G6PD deficiencies. Lastly, there
appear to be strains of P. vivax which produce infections ‘
which cannot be cured regularly by the ccnventional dosage

regimen, 15.0 mg daily for fourteen consccutive days.

military operations in Southeast Asia, led to expansion of

the mission of the U. S. Army Malaria Chemotherapy Program to
include development of new prophylactic and radical curative
drugs more effective and better tolerated than primaquine and
capable of inducing cures when delivered in single, or at most
three doses, Initially, it was hoped that this mission could
be served by studies in owl monkeys infected with sporozoites
of P. vivax. Unfortunately, such infections could not be

developed to the status of a reliable model. Accordingly,

ploy
mental and clinical studies indicate that it is inferior to
primagquine in activity.

These limitations, brought into clear focus during

»
Quinocide, an isomer of primaquine, is available and em-

ed in the USSR and satellite countries. Critical experi-




~ 70~

attention was redirected to the P. cynomolgi - Anopheles freeborni -

rhesus monkey model, which although theoretically less desirable
than one based on P. vivax, has a well-established record for
selecting drugs that cure human infections with this parasite

and predicting their relative merits,

There were five major facets to the searches for
improved curative drugs pursued during the 1974-1975 contract
vear, These included: (1) pilot assessments of the curative
activities of recently synthesized compounds; (2) side -by -
side evaluation of the activities of primaquine (a racemate)
and its D and L components; (3) expanded comparisons of the
curative properties of primaquine and WR-181, 023 (4-methyl
primaquine); (4) delineation of the effectiveness of single
and three-dose regimens of primaquine and WR-181, 023; and
(5) attempted enhancement of the curative activity of prima-
quine by concomitant delivery of a companion drug other than
chloroquine. In addition, a systematic study was undertaken
of the influence of the size of the sporozoite inoculum on
the "curative" activity of chloroquine. Combined, these
activities entailed work with slightly more than 400 rhesus

monkeys.

Seventy~five agents were accorded pilot assessments
for curative activity. Included in this total were six 7-
aminoquinolines, five 6-aminoquinolines, three naphthyridines,
and ten compounds of miscellaneous structure. None of the
latter group exhibited curative activity at the largest dose
delivered. One of the 7-aminoquinolines had guestionable ac-
tivity at a dose of 10.0 mg per kg. None of the naphthyridines
and 6-aminoquinolines exhibited curative activities at the

maximum test dose levels,
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The remaining 51 compounds submitted for pilot
evaluations were 8-aminoguinolines, Twelve of these agent:
were at least as active as primaquine. Nine of this group

were as active as WR-181, 023, the most effective of the 8-
aminoquinolines evaluated prior to the beginning of this con-
tract year. Four of the nine appeared to be twice as active
as WR-181, 023; like the latter derivative, they had methyl
substitutents in position 4, Three of the four differed from
WR-181, 023 in side chain configuration, with branching at the
distal end of the alkyl bridge rather than at the proximal
(1) position.

Considering the numbers of years of work on the 8-
aminoquinolines required to develop primaquine, identification
in one calendar year of twelve structurally related agents of
equal or greater activity is a considerable achievement, The
toxicity or tolerability of these agents will determine their
real utility. Hopefully, one or more will be at least as well
tolerated as primaquine and thereby a significant improvement
over this currently available drug in terms of therapeutic

index.

The second facet of the search for curative drugs
dealt with the activities of WR-211, 536 and WR-211, 537, the
D and L isomers of primaquine. Special interest was attached
to this evaluation because studies on the acute toxicity of
these agents for the mouse indicated that the L isomer was
only one-fourth as toxic as the D. If these isomers had
equal curative activity, and if the difference in mouse tox-
icity carried over to man, the [ isomer would have a distinct
advantage over the racemate. The results of a side-by-side
evaluation showed that primaquine and its isomers had essen-
tially identical capacities to cure sporozoite-induced infec-
tions with P. cynomolgi. This favorable result led to a
preliminary evaluation of the subacute toxicities of the three
agents for the rhesus monkey. The results of this comparison

are set forth in a subsequent section of this Summary.
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The third major facet of the search for improved
curative drugs was concerned with a detailed comparison of the
prophylactic and radical curative activities of primaquine
and its 4-methyl derivative, WR-181, 023. Studies pursued
during the previous contract year indicated that the latter
compound was two to four times as effective as primaquine 1in
curing infections with P. cynomolgi, Studies pursued in the
early 1950's shortly after the initial synthesis of WR-181, 023
(then designated CN-1101) indicated that this compound had ap-
proximately half the subacute toxicity of primaquine for the
rhesus monkey. Together, these assessments suggested that
WR-181, 023 would have at least a fourfold advantage over pri-
maquine. This promise of superiority called for a detailed
and precise comparison of the prophylactic and radical cura-
tive properties of these closely related compounds. Side-by-
side appraisals showed that the doses of WR-181, 023 required
to prevent infections with sporozoites, or to cure established
sporozoite-induced infections, fell between one-half and one-
third the doses of primaquine required for the same result.
This demonstration led to the decision to prepare a batch lot
of WR-181, 023 for ultimate evaluation in human volunteers.
This lot has been produced and is currently being subjected
to the lower animal toxicity and therapeutic activity exami-
nations required by FDA prior to investigating a new drug in

human volunteers,

The fourth facet of the search for improved curative
drugs was concerned with the efficacy of short term treatment
regimens of WR-181, 023. Development of such regimens has been
of increasing interest in the Malaria Chemotherapy Program. A
single dose or even a three daily dose curative regimen would
have considerable advantage over the standard fourteen-consec-
utive-day or once-a-week-for-fourteen-weeks schedules. The
merits of a seven-day regimen were defined in experimental

studies carried out earlier in this Project and clinical studies
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pursued by Clyde at the University of Maryland. These investi-

gations demonstrated that the curative activity of primaquine
was a function of the total dose delivered, specifically that
within this dose stricture, seven-day and fourteen-day treat-
ment schedules were equally effective, Because of concerns
with acute toxic reactions, it was deeméed unwise to evaluate
the efficacies of single dose and three-dose regimens of prima-
quine in man. WR-181, 023 appeared to have sufficient thera-
peutic advantage over the latter 8-aminoquinoline to warrant
a test of the "total dose principle". The results of this
evaluation showed clearly that at the same total dose,

WR-181, 023 was equally effective in single dose, three daily
dose, and seven daily dose schedules. Extension of the total
dose concept to agents more active than WR-181, 023, which

have emerged from pilot assessments, is clearly indicated.

The fifth facet of the curative drug investigations
dealt with attempts to enhance the curative activity of prima-
quine by administration of a companion drug in addition to, or
even more desirable, in place of chloroguine. Such enhancement
could lead to use of a lower dose of primagquine than that
usually prescribed, thereby reducing the numbers of ‘intoward
reactions; or enhancement could make conventional doses more
effective against infections with those strains of P. vivax
which are now curable only when larger than ordinary doses

are employed. The initial focus in this investigation was on

WR-203, 661 (a 7-chlorolincomycin derivative, formerly desig-
nated U-24, 729A). Earlier studies had shown that this agent
had significant activity against both the primary and second-
ary tissue forms of P. cynomolgi, resulting in both prophylaxis
and radical cure when maximum tolerated doses (40,0 mg per kg

daily) were employed.

The initial studies were carried out on established
sporozoite-induced infections previously treated with a vari-

ety of 8-aminoquinoline derivatives without achieving cure,
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Such infections were cured when one-fourth to one-half of the
usual curative dose of primaquine was administered with one-
sixteenth of the maximum tolerated dose of WR-203, 661 This
encouraging result led to experiments with previously untreated
infections. In these studies, the benefits of treatment with
a combination of primaquine and WR-203, 661 were evident, but
were much less striking than those encountered in retreatment
cases, Consideration of the causes of these diverse responses
led to the suggestion that the superior activity in retreat-
ment cases could very well be due toa relatively small tissue

burden.

The suggestion set forth above was put to critical
test in an experiment in which the curative activities of each
of two normally non-curative doses of primaquine, administered
in combination with one-sixteenth of the maximum tolerated
dose of WR-203, 661, were evaluated in two groups of monkeys,
one inoculated with 10% sporozoites, the other with 106 sSporo-
zoites. The results of this experiment showed clearly that
the parasite burden was an important determinant of the
capacity of WR-203, 661 to enhance the curative activity of
primaquine. Cures were obtained in all eight infections
induced with the smaller inoculum, as contrasted with one

of eight cures in infections induced by the larger inoculum.

The favorable results obtained with WR-203, 661
encouraged studies of the capacities of a variety of agents
to enhance the curative activity of primaquine. The compounds
examined included WR-203, 659 (7-chlorolincomycin or clinda-
mycin), oxytetracycline, pyrimethamine, erythromycin, rifampin,
valinomycin, cordycepin, and cycloheximide., WR-203,659 (a
close chemical relative of WR-203,661l) effected a slight en-
hancement of the activity of primaquine when administered at
the maximum tolerated dose. None of the other agents modified

the curative potential of this 8-aminoquinoline.
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The chemotherapeutic studies summarized to this point
were all concerned with development of new curative drugs or
improved use of primagquine. One other study of more general
import, an outgrowth of the experiments with WR-203, 661, was
undertaken. This investigation dealt specifically with the
influence of the tissue stage burden on the capacity of chloro-
quine to cure sporozoite-induced infections with the B strain
of P. cynomolgi. This issue had been dealt with in an expan-
sive form with a variety of chemotherapeutic agents in the
1946-1948 period when sporozoite-induced infections with the
M strain of P. cynomolgi were first employed in the search
for curative drugs. The current investigation involved work
with four groups of three to five monkeys, inoculated with 5,
5 x 102. 5 104, 9r 5 x lO6 sporozoites. Two of five recip-
ients of 5 sporozoites did not become infected. Chloroguine
was administered at a dose of 5.0 mg per kg body weight, daily
for five days, to each of the other subjects when patency was
first established and upon each relapse. Infections in the
recipients of 5 sporozoites were cured with a single drug
course. Infections in all other subjects are still relapsing
ten months after inoculation., Intervals between treatment and
relapse are distinctly longer in recipients of 5 x 102 Sporo-
zoites (25 to 40 days) than in recipients of 5 x 100 sporozoites
(7 to 12 days). These results indicate that the tissue stage
burden can be an important determinant of the apparent cura-
tive capabilities of chloroquine and the frequency of relapse
following delivery of this blood schizonticide. They suggest
that evaluations of curative activity are precarious in sub-
jects who have a low tissue burden either because of a small
sporozoite inoculum or few remaining secondary tissue forms
because of exposure to near curative doses of the same or other
drug. These findings reinforce the long standing conviction
that where large inocula are routinely employed, as in the
pilot and secondary assessments, the sole role of chloroquine
is containment of the erythrocytic phase of the malaria infection.
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4521 MISCELLANEOUS PHARMACOLOGIC STUDIES

Although there has never been a contractual commit-
ment for pharmacologic investigations in this Project, studies
in this area have been pursued when it appeared that local ex-
pertise and resources were uniquely suited to exploration of a
specific problem. During the period covered by this Report,
three isolated pharmacologic studies have been pursued. These
included: (1) comparison of the absorption of WR-30, 090 hydro-
chloride and WR-30, 090 base from the gastrointestinal tracts
of the owl monkey and rhesus monkey (already summarized in
Section I above); (2) investigation of the absorption of the
quinazoline WR-158, 122 from the gastrointestinal tracts of
the above monkeys; and (3) pilot evaluations of the toxicities
of WR-211, 532, WR-211, 533, WR-211, 536, and WR-211, 537 for the

rhesus monkey.

The study of the absorption of WR-158, 122 by owl
and rhesus monkeys was part of an investigation which included
work on human volunteersf aimed at acquiring information which
might help explain the differences in the activity of this
quinazoline in owl monkeys infected with P, falciparum or
P. vivax and in rhesus monkeys infected with P. cynomolgi,
and suggest what might be anticipated when this agent is
used inman. The investigation was a collaborative endeavor
in which the animal phase was carried out in this Project,
the analytical phase in another Department of the Army Project
located at The Christ Hospital Institute for Medical Research,
College of Medicine, University of Cincinnati. 1In brief, the
results showed that each of four broadly spaced doses gave rise
to plasma levels of microbiologically active drug which were
tenfold greater in the owl monkey than in the rhesus monkey.
These differences roughly paralleled the activities of WR-158, 122

exhibited in malarial infections in these primate hosts.

*
Performed by Dr. John Arnold under DADA Contract,
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The evaluations of the toxicities of WR-211, 532,
WR-211, 533, WR-211, 536, and WR-211, 537 for the rhesus monkey

were preliminary in scope, but satisfied the purposes for

which they were undertaken. The first two of these compounds
were among the more active 8~aminoquinolines accorded pilot
study, with curative doses comparable to that of primaquine.
The results of the toxicity study showed that WR-211, 532

and WR-211, 533 evoked toxic reactions very similar, if not
identical with those produced by primaquine. Quantitatively,
WR-211, 532 had the same order of toxicity as primaguine;
WR-211, 533 was less than half as toxic. The latter agent
would obviously be the preferable candidate for study in

human volunteers were either to be considered.

WR-211, 536 and WR-211, 537 are respectively the D
and L isomers of primaquine, Previous studies had shown that
their radical curative activities were equal and identical
with that of primaquine (the DL mixture). The results of the
toxicologic study showed that the toxicity of the D isomer
was equal to that of the racemate or slightly less; the L
isomer was twice as toxic. If these relationships carry-over
to the human subject, and if the D isomer can be obtained
readily, its clinical use should be favored over that of

primaquine.

The above Summary brings together in abbreviated
form the scope of the activities of the 1974-1975 contract
year and the major results of these activities. Detailed

descriptions are to be found in the Sections that follow.
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M STUDIES ON WR-177, 602

WR-177, 602 [a—(l—piperidyl)—Z, 8-bis- (trifluoromethyl) -
4—quinolinemethanol] is the isomer (threo-epimer) of WR-142, 490
(meflogquine), the most promising of the 4-quinolinemethanols
examined to date. Interest in evaluating the activity of
WR~177, 602 against infections with P. falciparum in the owl
monkey rested on the demonstration that its acute oral toxicity
for the mouse was approximately one-fourth that of WR~142, 490
(LD1g - WR-177, 602 = 3600 mg per kg body weight; LDjg - WR-142, 490 =
810 mg per kg body weight).

The results of the pilot assessment of the activity of
WR-177, 602* against established infections with the multidrug-
resistant Vietnam Smith strain of P. falciparum are detailed
in Tables 1 and 2. The data in Table 2 show that cures were

achieved in five of the ten recipients of WR-177,602 in daily

doses of 2.5 mg base per kg body weight and in nine of nine
recipients of 5.0 mg per kg doses. WR-177,602 has a steep dose
response curve, as indicated by the failure of doses less than

2.5 mgper kg to effect even temporary clearance of parasitemia.

The results of the above evaluation have been com-
pared with those of earlier assessments of the activity of
WR-142,490 (cf Table 3). This comparison indicates that the
two isomers have essentially identical activities against
infections with the Smith strain of P. falciparum. A care-
ful comparison of the subacute toxicities of WR-177,602 and

WR-142, 490 for various animal species would seem to be an
investigation of high priority. If such a comparison shows
that the subacute toxicity of WR-177,602 is regularly and
significantly less than that of WR-142, 490, this threo-epimer
clearly merits evaluation for both tolerability and activity
in human volunteers, the advanced status of clinical studies

on mefloquine notwithstanding,

*
Prepared as the monohydrochloride salt.
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TABLE 3

COMPARISON OF THE ACTIVITIES OF WR~177,602 AND WR-142, 490 AGAINST
ESTABLISHED INFECTIONS WITH THE VIETNAM SMITH STRAIN
OF PLASMODIUM FALCIPARUM

. * No. of Infections Treated Days from
Compound e Initial Ry
WR— No Mg Base(Kg Response to Treatment to Parasite
* | Body Weight | Total O e e g
None |Suppressed [Cleared |Cured FELANeG
0.625 3 = z| - 0] a.
1,25 3 - 2 i 0 n. a.
177,602 2.5 10 = = 10 5 7
5.0 9 - - 9 9 £
10. 0 3 = - 3 6
L. 25 2 - Z ~ 0 n, a
- - ) »
142, 490 2.5 6 6 & 8
5.0 14 = = 14 14 7
10. O 2 - - 2 2 7

*
Administered as the hydrochloride salt, via stomach tube, once daily
for seven consecutive days.

* %
Median day to clearance of parasitemia.
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118 e STUDIES ON WR-182, 231

WR-182, 231 [“—(di—N—butylaminoethyl)-2—(l-trifluoro—
monhylphonyl)—6—trifluoromothyl-k—pyridinemothanol] was deemed
worthy of pilot evaluation because of its structural similari-
ties to WR-172, 435 and WR-180, 409 (cf Figure 1), The latter
agents are essentially equally active and the most effective
of the 4-pyridinemethanols examined to date in the owl monkey -

P. falciparum model.

The assessment of the activity of WR-182, 231* was

limited to experiments on monkeys infected with the Smith strain |
of P. falciparum (cf Tables 4 and 5). As the summary observa-
tions show (Table 5), this agent was routinely curative when
administered in daily doses of 20.0 mg base per kg body weight.
Clearance of parasitemia was attained regularly by delivery of
10. 0 mg per kg doses, but only two of six infections so treated
were cured. Doses of 2.5 mg per kg were essentially without
effect on the course of infection. Limited suppression of
parasitemia was achieved in three of six recipients of doses

of 5.0 mg per kg.

The results of this evaluation of the activity of
WR-182, 231 have been compared with the results of earlier
assessments of the activities of the hydrochloride salts of
WR-172, 435 and WR-180, 409, This comparison, summarized in
Table 6, shows clearly that WR-182, 231 is no more than one-
fourth as active as WR-180, 409. WR-182, 231 is definitely
less active than WR-172, 435, although the data on the latter
agent are too limited for a precise assessment. Unless
WR-182, 231 has major toxicologic advantages over WR-172, 435

and WR-180, 409, it would not appear tomerit further attention,

*
Prepared as the monohydrochloride salt,
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FIGURE 1

STRUCTURES OF WR-182, 231, WR-172,435, AND WR-180, 409

H
[
HOC(Cﬂz)ZN(C4H9)2

CF;

Eg:lggLééi

a-(di-N-butylaminoethyl) -2~ (4~trifluoromethylphenyl) -6 -
trifluoromethyl-4-pyridinemethanol.

H
|
HOC (CH) N (C4Hg) 2

O

N

CF3

WR-172, 435
@-(di-N-butylaminoethyl) -2, 6 -di- (4-trifluoromethylphenyl) -
4-pyridinemethanol.

N
H
|
HOC

CFjy CFj
N

WR-180, 409
a=-2'-piperidyl-2-(4-trifluoromethylphenyl)-6-trifluoromethyl-

4-pyridinemethanol.
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A COMPARISON
AGAINST

QF THE

TABLE 6

ACTIVITIES OF WR-182, 2
ESTABLISHED INFECTIONS WITH THE VIETNAM SMITH STRAIN
OF PLASMODIUM

31, WR-172,435, AND WR-180, 409

FALCIPARUM

: * No. of Infections Treated Days from
g Daily Dose oFy.
Compound | o e Initial Ry
WR= No. Jgrbaﬁg/hg Response to Treatment e Barned e
Body Weight | Total c1 = * K
None |Suppressed |Cleared|Cured Eelplics
2.5 3 3 = = 0 0. a.
S, 6 = 3 3 0 n. a
82, 23
i Lo 10. 0 L 6 - = 6 2 n. a.
i
? 20.0 1 6 ~ - 6 6 5
l 1. 25 {3 3 - - 0 B, &,
' ;
172, 435 | 5. 0 I - - & 9
10. 0 J j SR - 1 1 6
|
3. 25 } 6 2 3 1 1 n. a.
Z,.5 13 1 1 11 0 n. a,
Q y |
RO 5.0 | 2 - 1 20 19 6
10. 0 1 6 - B 6 6 5
*
Administered as the hydrochloride salt, via stomach tube, once daily
for seven consecutive days.
*

* . .
Median day to clearance of parasitemia.
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A 1 e 1 STUDIES ON WR-204, 165 AND WR-194, 965

The structures of WR-204, 165 and WR-194, 965 are
indicated in Figure 2. Both of these agents can be considered
as Mannich bases. There was considerable interest in Mannich
reaction products during the World War II Malaria Chemotherapy
Program. A significant group of such agents exhibited activity
against infections with erythrocytic parasites of P. gallinaceum
and P. lophurae in the chicken and P. knowlesi in the rhesus
monkey. Four were evaluated against infections with P. vivax

in human volunteers with disappointing results.

WR-204, 165, one of the Mannich bases prepared in
the current Malaria Chemotherapy Program, exhibited significant
activity against trophozoite-induced infections with P. berghei
in the mouse and P. cynomolgi in the rhesus monkey. Since the
level of activity encountered appeared much superior to that
of any derivative examined in the World War II Malaria Program,
it was decided to undertake a pilot assessment of the activity
of WR-204, 165 against established infections with the multidrug-
resistant Smith strain of P. falciparum. The demonstrated
effectiveness of this compound led to similar studies on
WR-194, 965, which was looked upon as a likely metabolite of
WR-204, 165.

The results of the pilot evaluations of the activ-
ities of WR-204, 165 and WR-194, 965 have been summarized in
Tables 7-10. Although data on WR-194, 965 are less extensive
than those on WR-204, 165, it seems likely that these agents
are essentially equally active, curing infections with a high
degree of regularity when administered in doses of 5.0 mg base
per Xg body weight, daily for seven consecutive days. Both

agents have steep dose response curves, as indicated by fail-

ure to achieve clearance of parasitemia at doses of 1.25 mg
per kg, irregular clearance in some recipients of 2.5 mg per
kg, cure of infections in others, and full curative activity

at doses of 5.0 mg per kg
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The activities of WR-204, 165 and WR-194, 965 exhibited
above are very similar to those displayed by the most active
of the 4-quinolinemethanols and 4-pyridinemethanols. If the

tolerability of these Mannich reaction products compares

favorably with that of the latter agents, trials in human

volunteers would seem indicated.
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FIGURE 2

STRUCTURES OF WR-204, 165 AND WR-194, 965

o

o NC(CH3) 3

5 {':::"} ||:::l|

C(CH;3) 3

WR-204, 165
3, 6-bis-(tert. butyl)-8-(4-chlorophenyl) ~2H, 4H-1, 3-benzo-
oxazine.

H
I
o}
cl CH2$C(CH3)3
H
C(CH3)3

WR-194, 965
2-(4-chlorophenyl)-4-tert. butyl-6-(tert. butylaminomethyl) -
phenol.
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Iv. STUDIES ON THE CAPACITY OF WR-180, 872 TO ENHANCE THE
ACTIVITY OF WR~158,122

Studies pursued in preceding years showed that
WR-158, 122 [2, 4-diamino~6-(2-naphthylsulfonyl)-quinazoline]
has remarkable activity in owl monkeys infected with the drug-
susceptible Chesson strain of P. vivax or the chloroquine-,
quinine-resistant Oak Knoll strain of P. falciparum. The
activity of this guinazoline derivative was reduced markedly
in monkeys infected with pyrimethamine-resistant strains of
either of these plasmodia. To a very great extent, the
liabilities of pyrimethamine resistance could be eliminated
by administering small doses of sulfadiazine in combination
with WR-158, 122 (cf Report SORI-KM-73-246, July 23, 1973).

Studies pursued by Thompson and coworkers in mice
infected with a pyrimethamine-resistant strain of P. berghei
seemed to offer an alternate approach to use of a gquinazoline-
sul fonamide mixture. These investigations showed that the
liabilities of pyrimethamine resistance could be abolished by
administering WR-~180, 872 [Z,4—diamino-6-(Z—naphthylsulfonyl)—
5,6, 7, 8-tetrahydroquinazoline| in combinationwith WR-158, 122.
Experiments were carried out to determine whether similar
benefits could be achieved in monkeys infected with the pyri-
methamine-resistant Vietnam Palo Alto strain of P. vivax.

The results have been summarized in Tables 11 and 12,

As shown in Table 12, the largest dose of WR-158, 122
employed alone in this evaluation, 1.56 mg per kg body weight
daily. effected temporary clearance of parasitemia. No cures
were achieved in this study:; in a much larger experiment, five
of ten infections were cured. The largest dose of WR-180, 872
utilized alone was 25.0 mg per kg daily. Previous studies had
shown that such an amount would cure infections with the chloro-

uine-resistant, pyrimethamine-susceptible Oak Knoll strain of
a 2% i
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P. falciparum. In the current investigation (Table 12), this
dose level failed to control the parasitemia in monkeys infected

with the pyrimethamine-resistant Palo Alto strain.

As the data summarized in Table 12 show, little, if
anything, was gained by administering WR-15¢, 122 and WR-180, 872
in combination. Doses of 0.39, 1l.56, or 6.25 mg of the latter
quinazoline added nothing to the activity of 0.39 mg per kg or
lesser doses of WR-158,122. This negative contribution stands
in striking contrast to the benefits derived from administering
WR-158, 122 in combination with sulfadiazine, where concomitant
delivery of 0.098 mg per kg doses of this quinazoline and 5.0
mg per kg doses of the sulfonamide was a uniformly curative

regimen,
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V. THE ACTIVITY OF WR-203, 661
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V. THE ACTIVITY OF WR-203, 661

There has been intermittent interest in the anti-
malarial properties of WR-203, 661 and WR-203, 659 (clindamycin)
since 1967, when Lewilis first reported on the activities of
these lincomycin derivatives in mice infected with P. berghei.
The most recent interest stemmed from a preliminary report
by Powers on the activity of WR-203,661 (originally coded
U-24, 729A7) in owl monkeys infected with the chloroquine-re-

sistant Oak Knoll strain of P. falciparum. This observation
was confirmed and extended [@f Annual Report (this Project)
1973—1974J to investigations with the multidrug-resistant

Smith strain,

The results of these previously reported studies
showed that WR-203, 661 was fully active in the face of chloro-
quine, quinine, or pyrimethamine resistance and that it was
approximately eight times as active as the closely related
WR-203, 659. However, parasitemias were controlled slowly when
either agent was administered in a seven consecutive daily dose
regimen. Attempts have been made to determine whether this
liability could be reduced by modifying the dosage regimen,
This modification has taken two forms: (1) delivery of the
total dosage of WR-203,661 in a single dose or three doses
instead of seven; and (2) delivery of an initial loading dose

of this agent, followed by a series of small fractional doses.

The results of a preliminary study, summarized in
Tables 13 and 14, show that the curative activity of WR-203, 661

was less when the same total amount was administered in a
single dose or three divided doses than when seven consecu-
tive daily fractions were delivered. The rate of parasite
clearance was not improved in either the short term or load-
ing dose regimens. Although the data supporting these con- +
clusions are limited, their consistency suggests that further

pursuit of dosage regimen studies would not be rewarding. 1
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Somewhat unrelated studies, described in Section XIII

of this Report, indicated that the simultaneous delivery of

WR-203, 661 would enhance the capacity of primagquine to cure
infections with sporozoites of P. cynomolgi. Since this
finding might be applied to human infections with P. vivax,
it became important to know whether the trophozoite phase
of such infections could be controlled by WR-203, 661 or
whether it would still be necessary to employ chloroquine
or other agent as a blood schizonticide. This led to a
limited assessment of the capacity of this lincomycin deriv-

ative to cure established infections with the Vietnam Palo

Alto strain of P. vivax.

The results of the above evaluation, summarized
in Tables 15 and 16, show that the curative activity of
WR-203, 661 was characterized by a flat dose response curve.
A significant proportion of infections was cured by the least
daily dose used in this study (1. 25 mg per kg body weight) ;
a daily dose of 10.0 mg per kg was required for a uniformly
curative response. At any of the doses employed, parasitemias
were cleared slowly. These findings suggest that in order to
make effective use of the capacity of WR-203, 661 to enhance
the radical curative activity of primagquine, it would be
desirable to include a rapidly acting blood schizonticide

in the treatment regimen.
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